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ABSTRACT 

Hypothesis:  Asbestos-driven inflammation contributes to malignant pleural mesothelioma beyond 

the acquisition of rate-limiting mutations. 

Methods: Genetically modified conditional allelic mice that were previously shown to develop 

mesothelioma in the absence of exposure to asbestos were induced with lentiviral vector expressing 

Cre recombinase with and without intrapleural injection of amosite asbestos and monitored until 

symptoms required euthanasia.  Resulting tumours were examined histologically and by 

immunohistochemistry for expression of lineage markers and immune cell infiltration. 

Results:  Injection of asbestos dramatically accelerated disease onset and end-stage tumour burden.  

Tumours initiated in the presence of asbestos showed increased macrophage infiltration.  Single-

agent suppression of macrophages in mice with established tumours failed to extend survival. 

Conclusion: Asbestos-driven inflammation contributes to the severity of mesothelioma beyond the 

acquisition of rate-limiting mutations, however, targeted suppression of macrophages alone in 

established disease showed no therapeutic benefit.  
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INTRODUCTION 

Malignant pleural mesothelioma (MPM) is a devastating neoplasm arising in the lining of the chest 

cavity that is causally linked to asbestos inhalation (1).  This cancer is characterised by a lengthy 

incubation period between exposure to asbestos and the onset of clinical symptoms, followed by 

very rapid progression from diagnosis to morbidity (2).  Treatment options are severely limited and 

5-year survival is <10% (3, 4).  Although commercial use of asbestos is banned in most western 

countries, mining and use of asbestos continues unabated in several developing economies.  In the 

UK and elsewhere, a legacy of asbestos-insulated buildings continues to drive new cases of MPM 

(5).    

Direct inoculation of asbestos fibres into rodents has been used to model both early and late 

stage disease (6, 7).  Injection of asbestos into the chest cavity provokes a rapid inflammatory 

response, comprised initially of neutrophils followed rapidly by macrophage infiltration (8).  Fibre 

dimensions that thwart engulfment and clearance result in <frustrated phagocytosis= and the 

establishment of chronic inflammation (9).  The resulting prolonged release of cytokines and 

reactive oxygen species are thought to create a permissive milieu that drives proliferation and 

mutation in pleural mesothelial cells (10, 11).  Recent longitudinal analysis revealed steadily 

progressive disease in wild-type mice injected with long-fibre amosite asbestos, with epigenetic 

silencing of key tumour suppressor loci manifest in pre-neoplastic pleural lesions (7).  Progression 

to mesothelioma however was reported in <10% of such mice after 18 months of incubation and 

the precise mechanism of progression to malignancy remains poorly understood. 

The genetic landscape of end-stage human MPM is now well-defined.  Inactivating 

mutations and deletions of 3 tumour suppressor loci, namely CDKN2A/B, NF2 and BAP1 

predominate, with functional loss of each tumour suppressor occurring in over 50% of cases and 

single or combinatorial loss of the 3 loci found in all possible permutations (12, 13).  Loss of 

additional tumour suppressors linked to the Hippo pathway (LATS1, LATS2, MST1, SAV), histone 

methylation (SETD2, SETDB1), RNA splicing (SF3B1, DDX3X) and mTORC1 regulation (TSC1, TSC2, 

ULK2) occur at lower frequencies.  Inactivating mutations of Tp53 are reported to be present in 

<10% of MPM but are associated with more aggressive disease (12). In contrast, activating 

mutations and amplification of known driver oncogenes common in other cancer are noticeably 

absent, although overexpression of hTERT, linked to mutation of the gene promoter region, has 

been reported (14). 

Genetic deletion of Tp53 (15), Nf2 (16), Cdkn2a (17) and Bap1 (18) have each been shown 

to predispose mice to asbestos-induced mesothelioma, albeit with incomplete penetrance and 
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variable latencies.  The use of constitutive (ie. whole organism) and in some instances heterozygous 

alleles likely masked the true susceptibility of tumour suppressor-deleted pleural mesothelium to 

carcinogenic transformation. The first purely genetic models of MPM demonstrated that 

combinatorial loss of tumour suppressors in the appropriate anatomic location sufficed to give rise 

to MPM in the absence of asbestos inoculation (19).  Intrapleural delivery of Adeno-Cre was used 

to conditionally delete floxed alleles for Nf2, Cdkn2a and Tp53 in various combinations, and gave 

rise predominantly to mesothelioma with sarcomatoid or biphasic histology. A somewhat 

confounding observation was the frequent development of tumours in unintended tissues: these 

included lymphomas, leiomyomas, tumours of unspecified origin and hepatomegaly.  These off-

target neoplasms suggest escape of the viral vector from the chest cavity with consequent Cre-

mediated allele inactivation in the affected tissues.  More recently, the same strategy was applied 

to mice bearing combinations of floxed alleles for Nf2, Cdkn2a and Bap1 (20, 21).  Although Cre-

mediated deletion of any pair of homozygous alleles sufficed to give rise to pleural mesothelioma, 

acquired loss of Bap1 protein expression was found in the majority of Nf2FL;Cdkn2aFL tumours in 

vivo , and deletion of all three was required for spheroid formation in vitro (20).  As reported for the 

Tp53 study (19), tumour histology was predominantly sarcomatoid (20) or biphasic (21) and off-

target tumours were again frequently detected in both studies. 

Such in vivo studies unequivocally demonstrate a functional requirement for these tumour 

suppressors to prevent mesothelioma development.  One question they fail to address however is 

whether asbestos-driven inflammation plays any role in MPM progression beyond its contribution 

to the acquisition of rate-limiting mutations. This question has immediate clinical relevance, as the 

persistence of asbestos fibres sustains an inflammatory microenvironment even after the 

acquisition of disease-limiting mutations and throughout therapeutic intervention.  We therefore 

asked if intrapleural injection of disease-relevant doses of asbestos has any impact on disease 

progression in mice that are genetically destined to develop MPM.  Our results show a dramatic 

acceleration of disease onset in such mice upon inclusion of asbestos exposure, with significant 

implications for pre-clinical modelling of this disease in vivo. 
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RESULTS 

Asbestos exacerbates genetically driven Mesothelioma 

To investigate the impact of asbestos on mesothelioma progression in mice that are genetically 

destined to develop mesothelioma, we used triple allelic mice previously described to be sufficient 

for mesothelioma development in the absence of fibre exposure: Cdkn2a-/- mice bearing 

homozygous floxed alleles for Nf2 and Tp53 (Cdkn2a-/-;Nf2fl/fl;Tp53fl/fl 3 abbreviated as CNP) (19).  To 

initiate tumours in the appropriate anatomic location (ie. the pleural cavity), adult mice triple 

homozygous for all 3 alleles were injected intrapleurally with 107 pfu of lentiviral vector expressing 

Cre recombinase.  After a 10-day interval to minimise the potential for viral infection of infiltrating 

leukocytes, mice were similarly injected once with low dose (25µg) long fibre amosite asbestos or 

left untreated (Figure 1A).  Mice were monitored for development of clinical symptoms and 

euthanised for tissue collection at pre-defined humane end-points.  CNP mice induced with lenti-

Cre all developed clinical symptoms, notably including hiccups and laboured breathing.  Strikingly, 

mice that were also administered asbestos exhibited dramatically accelerated disease, requiring 

euthanasia at a median of 88 days post Cre-mediated induction, as compared with those that did 

not receive asbestos, which had a median survival of 148 days post induction (Figure 1B).  Asbestos 

administration to uninduced CNP mice did not result in any mice developing symptoms of disease 

within the same timeframe, in agreement with previous reports of similarly low dose asbestos 

treatment of wild-type mice (7).  Upon dissection, frank tumours were clearly visible on the 

mesothelial surfaces of the lungs, heart, diaphragm and rib cages of all lenti-Cre induced mice, 

consistent with presentation in human mesothelioma patients.  Tumour burden was visibly more 

pronounced in mice that also received asbestos compared with those that did not (Figure 1C).  

Tumours were detectable by MRI and moderately glucose avid and could be detected at all sites in 

end-stage mice by [18F]-FDG-PET and autoradiography (Figure S1).  Notably, off-target tumours in 

other tissues, such as those reported in similar allelic mice induced using high doses of adenoviral-

Cre vectors (19-21), were not detected, either in the presence or absence of asbestos treatment. 

 

Histological characterization of lenti-Cre and/or asbestos induced lesions. 

Harvested organs presenting with visible disease were sectioned and stained with H&E for 

histological examination.  The visceral and parietal pleura of uninduced CNP mice injected with 

asbestos alone and harvested 10 months later all showed discrete regions of reactive thickening, 

reflective of chronic inflammatory disease, but no tumour formation.  In contrast, histological 

examination confirmed the presence of malignancy in all CNP mice induced with lenti-Cre.  Tumours 
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arising in mice induced with Cre alone tended to grow laterally and often contained cystic or luminal 

structures, whereas those induced by the combination of Cre + asbestos typically formed densely 

packed spheroids, often with a necrotic core.  Marked invasion into cardiac muscle and diaphragm 

was evident in both tumour-prone cohorts but was more commonly observed in mice that received 

the combination of Cre + asbestos (Figure 2A).  Human MPM is a heterogenous disease with three 

main histological subtypes, depending on the predominant cellular component and biological 

behaviour.  The epithelioid subtype accounts for 50-70% of cases, 10-20% of cases are sarcomatoid, 

and biphasic accounts for approximately 30% of reported cases (22).  Tumours arising in CNP mice 

were predominantly (>90%) epithelioid with a small subset of lesions showing discrete regions of 

sarcomatoid morphology (Figure 2B).   

 

Asbestos does not overtly alter the tumour-cell intrinsic mesothelioma phenotype 

We asked if the inclusion of asbestos manifestly altered the tumour cell-autonomous characteristics 

of mesothelioma arising in our GE mouse model.  For this analysis we focussed on tumours arising 

from the diaphragm mesothelium, given that decalcification protocols required for analysis of the 

chest wall can adversely impact immunohistochemical staining.  It should be noted that tumours 

arising on the diaphragm were histologically indistinguishable from those arising on the lung or 

mediastinum.  Tumours of approximately equal size arising in lenti-Cre induced mice with and 

without asbestos were compared by IHC for expression of cell lineage markers (pan-cytokeratin, 

vimentin and smooth muscle actin) along with Ki67 and the commonly used mesothelioma marker 

WT1.  Individual tumours stained positively for all such markers to varying degrees, however 

averaging IHC marker expression across tumours in individual mice showed no consistent difference 

in expression of WT1 or Ki67, suggesting that the inclusion of asbestos does not overtly influence 

the tumour phenotype (Figure 3A & B).   

 

Asbestos dramatically increases macrophage infiltration of tumours 

Human pleural mesothelioma is characterised by a pronounced immunosuppressive inflammatory 

microenvironment (23-26).  Recent work has demonstrated the presence of all major immune 

populations in both pre-malignant lesions of asbestos-exposed wild-type mice (7) and in end-stage 

tumours of GE mice without asbestos exposure (21).  We therefore investigated the impact of 

asbestos on major tumour-infiltrating immune populations in our GE mouse model.  End-stage 

tumours on the diaphragms of CNP mice induced with Cre +/- asbestos were stained for expression 

of CD8, CD4, CD45R (aka B220, expressed on B lymphocytes), NKp46, F4/80 (macrophages) and Ly6G 
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(granulocytes, primarily neutrophils) to identify tumour-infiltrating leukocytes.  Note that tertiary 

lymphoid structures, readily discernible adjacent to multiple lesions from both tumour-prone 

cohorts, were omitted from scoring to avoid skewing quantification.  Whereas most tumour-

infiltrating immune populations showed no quantitative difference between cohorts treated with 

or without asbestos, F4/80-positive macrophages were consistently and dramatically increased in 

tumours from asbestos-treated mice (Figure 4A, B). 

 Similar to human MPM patients, pleural effusion was found in end-stage Cre-induced CNP 

mice and was more frequent in mice that received asbestos than those that did not.  Pleural 

effusions are a rich source of inflammatory and effector immune populations and can harbour large 

numbers of viable tumour cells (27).  Suspected cases of human MPM commonly first present with 

pleural effusion but only a relatively low percentage of these progress to MPM within 1-2 years (3).  

To investigate this disease feature further, we characterised immune cell infiltrates in the thoracic 

cavity of Cre-induced CNP mice treated with asbestos and harvested at 30 or 60 days post induction, 

ie. before the onset of any overt symptoms.  At sacrifice, neoplastic lesions were visible in 0/6 mice 

harvested at 30 and 6/6 mice harvested at 60 days post induction.  In order to normalise for variable 

effusion volume, we opted to perform a pleural lavage using 1ml of PBS.  Recovered cell populations 

were stained with panels of myeloid and lymphoid marker antibodies and subject to flow cytometry 

for quantification.  All major myeloid and lymphoid cell populations were readily detected in the 

pleural lavage from all CNP mice harvested at either 30 or 60 days post induction.  Notably, the 

pleural lavage from 3 out of 6 mice harvested at d60 revealed a pronounced increase in the absolute 

numbers of all major leukocyte populations examined (Fig S2A-C).  When expressed as a proportion 

of all infiltrating leukocytes, we note that macrophages and B cells show a pronounced increase 

from 30 to 60 days post induction, whereas eosinophils show a relative decrease within the same 

time frame (Fig S2D). 

 

Single-agent suppression of macrophages fails to impact survival 

 The CSF1 receptor regulates multiple aspects of macrophage function as well as survival, 

proliferation and differentiation from monocyte precursors (28). Given the pronounced increase in 

tumour infiltrating F4/80-positive macrophages in asbestos treated CNP mice, we asked if 

macrophage suppression could alone impact overall survival of this cohort.  Starting from day 60 

post induction, mice were treated twice daily with the selective CSF1R inhibitor AZD7507 (29), or 

vehicle control, and maintained on drug until symptoms required euthanasia (Fig. 5A).  IHC for F4/80 

confirmed suppression of tumour infiltration by macrophages in all mice treated with AZD7507, 
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however no survival benefit was observed (Fig. 5B, C).  We conclude that although asbestos 

exposure correlates with a sharp increase in tumour-infiltrating macrophages, single-agent 

suppression of macrophages by CSF1R blockade is ineffective for treatment of mesothelioma. 

 

 

DISCUSSION 

Chronic inflammation plays an irrefutable, albeit poorly understood, role in the development of 

malignant pleural mesothelioma.  The persistence of durable high-aspect ratio asbestos fibres 

sustains the chronically inflamed state throughout the patient history, from exposure all the way 

through presentation, treatment, and ultimately progression to lethal disease (9).  However, the 

demonstration, in complex genetically engineered mice, that targeted deletion of combinations of 

tumour suppressor genes commonly lost in human MPM suffices to drive mesothelioma in the 

absence of asbestos exposure, indicates that chronic inflammation is not required per se for MPM 

development.  A plausible conjecture is thus that chronic pleural inflammation in humans creates a 

permissive environment for such mutations to arise but plays no further role in disease progression.  

Here we directly investigated this assumption using the same combination of alleles previously 

shown to suffice for mesothelioma development in mice (19).  We verified that Cre-induced CNP 

mice are genetically proficient for development of MPM in the absence of asbestos exposure.  

However, we found that the additional insult of asbestos-driven chronic inflammation dramatically 

accelerates the onset of lethal disease.  While we cannot exclude the possibility that this 

acceleration derives from additional asbestos-driven mutations, we note that only 4 of 15 triple 

heterozygous CNP mice succumbed to mesothelioma within 15 months of induction with the 

combination of lenti-Cre + asbestos, which is consistent with the reported incidence for 

mesothelioma development in asbestos injected wild-type mice (7): If asbestos were driving 

widespread genomic instability, one would have expected loss of heterozygosity at one of more of 

these haplo-insufficient tumour suppressor genes to manifest as increased/accelerated incidence 

of malignancy. 

 At the cellular level, the inclusion of asbestos did not measurably influence the tumour 

phenotype, although differences in the apparent growth pattern of individual lesions were noted.  

We detected no consistent difference in cell proliferation, expression of epithelial or fibroblast 

lineage markers, nor indeed in the expression of WT1, in size-matched tumours from Cre-induced 

CNP mice with or without exposure to asbestos.  In contrast, asbestos exposure was associated with 

dramatically increased presence of F4/80-positive macrophages in tumour masses.  Macrophages 
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are known to be early responders to asbestos, infiltrating into the chest cavity of mice within 48hrs 

of asbestos inoculation (8).  Their inability to clear high aspect-ratio fibres is thought to establish 

the chronically inflamed state (7, 9).  Macrophages can have either tumour suppressive or tumour-

promoting activities (30), play major roles in recruitment or indeed suppression of other immune 

cell types (31), and are associated with resistance to radio- and chemotherapy as well as to certain 

targeted therapies (32).  Although macrophage recruitment has been reported in GE mouse models 

of MPM without asbestos exposure (21) our data suggest that tumour-infiltrating macrophages are 

significantly under-represented in such models.  Targeted suppression of macrophages failed to 

improve survival in our mouse model, consistent with a similar failure as single-agent treatment in 

other disease models and appropriately reflecting the challenge of effective treatment of this 

cancer.  It remains to be determined if macrophage suppression can be used to enhance other 

treatment modalities, as has been shown for other cancer types (32). 

 The mouse model of mesothelioma presented here represents a significant refinement over 

previous models in 2 important ways.  Firstly, our allele induction protocol did not give rise to off-

target tumours, such as those reported using similar (20, 21) or indeed identical (19) allelic mice 

induced with high-dose adenoviral-Cre vectors, which include sarcomas, lymphomas, and, in the 

case of Bap1 floxed mice, hepatocellular carcinomas.  It is unclear if this difference arises from our 

use of a lentiviral rather than an adenoviral vector, the lower dose of virus we administered (107 pfu 

Lenti-Cre compared with 109 pfu Adeno-Cre), or a combination of both.  The integration of lentiviral 

vectors into host cell genomes facilitates persistent expression of Cre recombinase, increasing the 

efficiency of floxed allele targeting and reducing the dose of virus required for effective Cre delivery.  

The caveat to such integration is of course that it can disrupt endogenous gene expression at the 

integration site.  On the other hand, adenoviral vectors are inherently more stable than lentiviruses: 

While the tropism of lenti and adenoviral vectors would be broadly similar, the protein capsid of 

adenoviral vectors renders them considerably more robust than lentiviral vectors, and thus more 

likely to persist in circulation long enough to infect unintended cell populations (33).   

The second major distinction is the epithelioid histology of tumours arising in our mouse 

model, irrespective of asbestos exposure, as compared with the bi-phasic and sarcomatoid 

histologies of previously reported models, including those using the same allelic combination.  As is 

the case for off-target tumour incidence, we suspect that choice and/or dose of vector may largely 

explain the difference in tumour histology.  Specifically, adenoviral vectors are profoundly more 

immunogenic than lentiviral vectors and this immunogenicity may well influence the trajectory of 

the nascent tumour phenotype (33).  Notably, whereas loss of BAP1 is enriched in human epithelioid 
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MPM (13), the recently reported adeno-Cre induced mouse models incorporating a floxed Bap1 

allele both yielded sarcomatoid phenotypes (20, 21).  Conversely, loss of NF2 and Tp53 are 

associated with the sarcomatoid subtype in human MPM (12), yet our model, which incorporates 

both of these tumour suppressors, yielded epithelioid tumours.  These observations lead us to 

speculate that the microenvironment present during tumour initiation may have a stronger 

influence over tumour histology than the presence of any given mutation.  We note that a similar 

phenomenon of differential tumour phenotypes arising in genetically identical models of liver 

cancer was recently reported: activation of the same oncogenic drivers yielded either hepatocellular 

carcinoma or intrahepatic cholangiocarcinoma, depending on whether cells neighbouring the 

tumour stem cells died via apoptosis or via necroptosis, respectively, during allele induction (34).  It 

is well-established that necroptosis is a much more inflammatory form of cell death than apoptosis 

(35) 3 these insights likely have direct relevance both for influencing how mesothelioma subtypes 

are modelled in mice and potentially for how the disease manifests in humans. 

It is also clear that oncogenic mutations profoundly shape the tumour microenvironment 

and that different mutations will have distinct impacts on tumour-cell expression of cytokines, 

chemokines and other factors that regulate these effects (13, 36, 37).  Our model now provides a 

new platform for investigating how recurring mutations in mesothelioma influence the disease-

relevant inflammatory response to asbestos and vice versa.  The inclusion of asbestos additionally 

addresses a vital aspect of immediate relevance for modelling the human disease in GE mice 

through more accurate recapitulation of the inflammatory microenvironment that is such a crucial 

part of this disease.  Giving particular consideration to the emerging prominence of immunotherapy 

in mesothelioma (38), we believe that this model will provide a more accurate platform for pre-

clinical evaluation of new therapeutic agents and strategies. 
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MATERIALS AND METHODS 

Mice & Procedures 

The Nf2 floxed (39), Tp53 floxed (40) and Cdkn2a conditional knockout (41) mice were described 

previously.  All experiments involving mice were approved by the local ethics committee and 

conducted in accordance with UK Home Office license numbers PE47BC0BF, 70/7950 & 70/8646. 

Experiments were performed and reported in accordance with the ARRIVE guidelines.  Mice were 

housed in a constant 12hr light/dark cycle and fed/watered ad libitum.  Both males and females 

were included in approximately equal numbers and mice were randomly assigned to induction or 

treatment cohorts, balanced only for sex.  Recombinant lentivirus expressing Cre recombinase was 

purchased from the University of Iowa vector core facility.  To induce allele recombination, 

administration of lentiviral vector carrying CRE recombinase was performed on mice aged 8-10 

weeks via single intrapleural injection of 107 viral particles per mouse.  Where indicated, asbestos 

(long fibre amosite) was administered via single intrapleural injection of 25µg fibres per mouse 10 

days post CRE administration.  CSF1R inhibitor (AZ7507) was provided by the manufacturer under a 

research collaboration agreement with CRUK Beatson Institute.  AZ7507 was dissolved in 0.5% 

HPMC + 0.1% Tween80 in dH2O and administered at 100mg/kg twice daily by oral gavage.  Routine 

health monitoring was performed by facility personnel without knowledge of experimental details.  

Humane end points were defined as exhibition of 2 or more symptoms: weight loss, elevated 

breathing, hunching, untidy coat.  All mice were sacrificed using a schedule 1 procedure. 

 

Histology & Immunohistochemistry 

For histological examination, tissue was harvested, fixed overnight in formalin and embedded in 

paraffin for sectioning, followed by standard staining in hematoxylin and eosin (H&E).  Tumour 

pathology was determined by an experienced translational thoracic pathologist (JLQ).  For manual 

IHC staining for Ki67 (Fisher Scientific, RM-9106-S0, 1:1000), FFPE tissue sections were 

deparaffinized in 3 changes of xylene and rehydrated in graded ethanol solutions.  Antigen retrieval 

was performed by microwaving in 10mM Sodium Citrate, pH6.0.  Endogenous peroxidases were 

quenched in 3% H2O2 and non-specific binding was blocked with 1 or 3% BSA solution.  Staining for 

all other antibodies (see table below) were performed by Leica Bond Rx or Dako autostainers: 

Sections were dewaxed and antigen retrieval was performed on board, ER2 for 20 mins at 95oC or 

Enz1 for 10 mins at 37oC.  For Dako autostaining, pH6 antigen retrieval was performed off-board in 

a Dako PT module using the pH6 retrieval buffer for 20 mins at 97oC.  High pH TRS (pH9) was done 

off-board in a Dako PT module using the high pH retrieval buffer for 20 mins at 97C.  Liquid DAB was 
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used as chromogen in all cases. Detailed antibody information and staining conditions are as 

follows: 

 
Ab Clone Company Code Autostainer Retreival Dilution 

B220/CD45R RA3-6B2 Abcam Ab64100 Leica Bond Rx ER2 20 mins 1:200 

CD4 4SM 95 eBioscience 14-9766-82 Leica Bond Rx ER2 20 mins 1:500 

CD8 4SM15 eBioscience 14-0808-82 Leica Bond Rx ER2 20 mins 1:500 

Cytokeratin 
(Pan) 

AE1/AE3 Thermo MS-343 Dako Autostainer 
Link48 

pH6 20 mins 1:100 

F4/80 CI:A3-1 Abcam Ab6640 Leica Bond RX Enz1 10 min 1:100 

LY6G IA8 BioXcell BE0075-1 Leica Bond RX ER2 20 mins 1:60,000 

NKP46/NCR1  R &D systems af2225 Dako Autostainer 
Link48 

High pH TRS 1:200 

aSMA 1A4 Sigma-
Aldrich 

A2547 Dako Autostainer 
Link48 

pH6 20 mins 1:25000 

Vimentin D21H3 Cell 
Signalling 

5741 Dako Autostainer 
Link48 

High pH TRS 1:100 

WT1 [CAN-
R9(IHC)-
56-2] 

Abcam Ab89901 Dako Autostainer 
Link48 

High pH TRS 1:250 

 

 

IHC Quantification  

Quantification was performed on IHC stained slides using QuPath open source digital pathology 

software (42).  Tumour regions were annotated manually followed by automated cell detection 

analysis.  For F4/80 staining, accurate cell counts could not be obtained using QuPath and data are 

presented as area of tumour stained positively.  Graphical representation of data was performed 

using GraphPad-Prism. 

 

Statistical analysis 

Quantitative data were uploaded into Prism spreadsheets for analysis and graphic production.  

Statistical significance was determined by unpaired t test (ns = not significant; p>0.05, *; p<0.05, **; 

p<0.01, ***, p<0.001; ****, p<0.0001).  For Kaplan-Meier plots, the Mantel Cox logrank test was 

performed. 
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FIGURE LEGENDS 

Figure 1.  Asbestos injection reduces survival of CNP mice 

A) Schematic of the alleles and induction strategies employed in this study.  B) Kaplan Meier plot of 

overall survival of lenti-Cre induced CNP mice with (N=17) or without (N=9) asbestos injection.  *** 

denotes p<0.001 (Mantel Cox logrank test).  C) Representative photographs showing anatomic 

distribution of visible MPM lesions (arrowheads) in mice from (B).  Scale bars = 4mm. 

 

Figure 2.  Histology of mesothelial lesions in CNP mice induced with lenti-Cre and/or asbestos 

A) Representative images of indicated H&E stained tissues from mice induced with lenti-Cre (N=XX), 

Cre + asbestos (N=YY), both at end-stage, or asbestos without Cre-mediated allele induction, 

harvested 10 months after asbestos injection (N=3). Scale bars = 100µm. [check] B) H&E-stained 

examples of epithelioid and sarcomatoid histologies of tumours from CNP mice induced with lenti-

Cre + asbestos.  Scale bars = 100µm. 

 

Figure 3.  Asbestos does not alter the tumour phenotype of induced CNP mice 

A) Representative IHC staining of tumours arising from diaphragm mesothelium in CNP mice 

induced by lenti-Cre, with and without asbestos.  Scale bar = 100µm.   B) Quantification of Ki67 (top 

panel) and WT1 (bottom panel) expression in diaphragm tumours as per (A). N=6 per cohort; ns = 

not statistically significant.  

 

Figure 4.  Asbestos drives increased macrophage infiltration in CNP tumours 

A) Representative IHC images show detection of tumour infiltration by major leukocyte cell types in 

CNO mice induced with lenti-Cre with and without asbestos.  Scale bar = 100µm.  B) Quantification 

of tumour infiltrating leukocytes as per (A) in 6 mice from each cohort.  **** denotes P < 0.0001 (T 

test); ns = not significant. 

 

Figure 5.  Single agent suppression of macrophages fails to impact survival of CNP mice 

A) Schematic of intervention protocol.  B) IHC validation of macrophage suppression by AZD7507.  

Left panels show representative images of F4/80-stained diaphragm tumours from end-stage CNP 

mice induced with lenti-Cre + asbestos and treated with AZD7507 (right) or vehicle control (left). 

Scale bar = 100µm.  Right panel shows quantification of diaphragm tumour F4/80 staining in 5 mice 

from each cohort.  C) Kaplan Meier plot of overall survival of mice treated with AZD7507 (N=7) or 

vehicle control (N=8).  Ns = Not significant (Mantel Cox logrank test). 
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